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This report describes the design and conduct oftwo sequential historical prospective morbidity surveys
ofworkers and residents from the Upper Ottawa Street Landfill Site in Hamilton, Ontario. The workers
studywascarried outfirst andwas ahypothesis-generating study. Workersandcontrolswereadministered
a health questionnaire, which was followed by an assessment of recall bias through medical chart ab-
straction. Multiple criteria were used to identify health problems associated with landfill site exposure.
Thoseproblemswithhighestcredibilityincludedclustersofrespiratory, skin, narcotic,andmooddisorders.
These formed the hypothesis base in the subsequent health study ofresidents living adjacenttothe landfill
site. In that study, the association between mood, narcotic, skin, and respiratory conditions with landfill
site exposure was confirmed using the following criteria: strength of association; consistency with the
workers study; risk gradient by duration of residence and proximity to the landfill; absence of evidence
that less healthy people moved to the area; specificity; and the absence ofrecall bias. The validity ofthese
associations werereducedby three principal problems: thehighrefusal rateamongthecontrolpopulation;
socioeconomic status differences between the study groups; and the fact that the conditions found in
excess were imprecisely defined and potentially interchangeable with other conditions. Offsetting these
problems werethemultiplecriteriausedtoassesseachhypothesis, whichwereappliedaccordingtopresent
rules. Evidence is presented that supports the hypothesis that vapors, fumes, or particulate matter ema-
nating from the landfill site, as well as direct skin exposure, may have lead to the health problems found
in excess. Evidence is also presented supportingthe hypothesis that perception ofexposure and, therefore,
ofrisk, mayexplaintheresultsofthestudy. However, based ontheanalyses performed, itistheconclusion
of the authors that the adverse effects seen were more likely the result of chemical exposure than of
perception ofrisk.
Introduction
From the early 1950s until it was closed in 1980, the
UpperOttawaStreet LandfillSiteinHamilton, Ontario,
received a large variety of domestic and commercial
waste, as well as solid and liquid industrial wastes (1).
By the mid-1960s, as much as five truck loads a day of
industrial waste were being received by the landfill.
However, the annual tonnage increased markedly dur-
ing the 1970s. Available records suggest that at least
25,000 gallons of liquid wastes were disposed of in the
site in 1970. Larger volumes of liquid waste began en-
tering the landfill in 1976 with the opening of a solidi-
fication operation. The largest volumes ofliquid wastes
appear to have been disposed of during 1978: approxi-
mately 8 to 12 million gallons (2). The site was closed
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tolandifllingin 1980. BetweenNovember 1980andJune
1981, itwas covered by alayerofsteelindustrywastes,
and sealed with a thin clay cap.
Throughout the 1950s and 1960s, a small collection of
houses was found within 750 meters ofthe south dump-
face. Bythelate 1970s, thesehadbeenlargelyremoved,
to make way for light industrial development. Devel-
opment of large residential areas to the west, north,
and northeast of the site began in the early 1970s and
continued intothe early 1980s. These consisted ofsingle
detached dwellings and townhouses, which were built
as close as 250 meters from the dumpface.
While the site was active, there were four sources of
potentialhumanexposure tolandfillsiteemissions. Air-
borne exposure to vapors, fumes, dusts, and ash may
have resulted from on-site burning and from open air
release of volatile substances and solid industrial resi-
dues atthe landfill. Forthoseworkingatthe site, direct
skin contact could have occurred. Airborne deposition
of landfill site emissions on residential properties left
openthepossibility ofcontactthrough soil, indoordust,
window cleaning, and other domestic activities. Use of
parkland areas adjacent to the site left open the poten-
tial for recreational contact.HERTZMAN ETAL.
In response to public concern (3,4), a Study Com-
mittee was established by the Ontario Ministry of
Health in 1980 which attempted to determine from rec-
ords what was buried in the landfill itself; examine the
environment around the landfill for chemicals; and ex-
amine the health ofworkers and residents to determine
what ill health effects, if any, might be attributable to
exposure to landfill chemicals.
The complex toxicology of the landfill and the sub-
jectiveness ofthe residents' perceived complaints made
it difficult to identify a short list ofhealth problems of
particular interest. The nature and potential intensity
of chemical exposures could not be reliably recon-
structed through a multidisciplinary evaluation includ-
ing botanic, hydrogeological, geophysical, engineering,
and chemical toxicologic studies. However, a variety of
compounds were ultimately indentified in the landfill
thatwereknownrespiratoryirritants, neurotoxins, and
skin irritants or sensitizers in the industrial context.
Identification andfollow-upoftheresidentialpopulation
was expected to be complicated by a high rate of mi-
gration to and from the housingdevelopments adjacent
to the landfill site. Some ofthe health problems ofcon-
cern, in particular those related to birth defects, were
expected to betoouncommon foradequate studypower
to be achieved among a population living sufficiently
close to the landfill site to be deemed exposed.
It was decided that a morbidity survey of landfill
workers would precede a study of the residents. The
workers represented a potentially high dose exposure
subgroup, and might have been particularly vulnerable
to any potential health impactassociated with exposure
to the landfill. Apparent increases in specific morbidity
foundinaworkers'studycould receive specialattention
in the residents' study, therebymitigating the multiple
comparisons problem inherent in the analysis ofa gen-
eral morbidity survey. Ifconsistent results were found
on two separate health surveys with different designs,
the surveys might be more credible than one studythat
combined workers and residents in one protocol.
Those health problems found in excess among the
workerswereratedashigh, moderate, orlowcredibility
depending upon whether the association between land-
fillexposure andthehealthproblemmetcertaincriteria
(specified in Table 9). Those associations with high and
moderate credibility formed the main hypotheses that
were tested in the residents' health survey.
Morbidity surveys are commonly conducted in situ-
ations similar to this (5). Such surveys have raised con-
cerns within the scientific community regarding the
interpretationofbothpositiveandnegativefindings(6-
8). Some investigators have argued that they cannot
help define etiologic associations in relation to liquld
waste disposal unless certain preconditions are met.
These have been summarized separtely by Landrigan
(6), Heath (7), and Anderson (8) and ar paraphrased
as follows: the nature and quantities ofthe major en-
vironmental emissons from the site should be known;
the probable routes of human exposure (transcutane-
ous, inhalation, oringestion) should bedefined; individ-
ual exposure estimates should be definable or biologic
assessments ofabsorption conducted; and highrisksub-
populations should be defined prior to study.
These expectations create a dilemma, since each de-
pends upon the existence of prospectively collected,
high quality exposure information that is never avail-
able. Instead, analysis of landfill contents, hydrogeo-
logical surveys, or scrutiny ofthe waste production rec-
ords of companies using the landfill may be attempted
to help reconstruct exposures. Where sites were owned
or operated for the use of specific companies or indus-
tries, this process might succeed in identifying specific
substances with known toxicities, from which target
health problems could be identified (9). However, when
asite was used formultisource dumping, indeterminate
quantitites oflarge numbers ofchemicals will likely be
identified. Thus, specific causative hypotheses may be
harderto generate (10), and the specified conditions for
epidemiologic study may not be met.
Failuretomeetthese conditions does notreducepub-
lic concern regarding possible health effects, and the
potential is great for a conflict between public percep-
tions and scientific needs (11). A pragmatic approach
needs tobe takenthatprovides the best documentation
ofhealth status possible under the constraints imposed
by the situation.
In the absence ofhigh quality exposure information,
investigators have used duration ofresidence and prox-
imitytoexposure sourceinplace ofindividual estimates
ofchemical-specific exposure, and haveused nonspecific
health indicators as outcome variables (9,10,12,13).
Careful selection of such indicators and adoption of
strategies to avoid subject recall biases will help over-
come validity problems.
Suggestions for appropriate nonspecific indicators in-
clude both clinical and pathologic outcomes. Amongthe
clinical outcomes, reproductive and developmental ef-
fects (10,12), cancer(12), respiratory andskin problems
(9,12,13), irritant symptoms (9,12,13), and neuropsy-
chological deficits (12,14) have received the most atten-
tion. Those health problems that are long-tern, most
serious, or potentially most clinically distinct may be
too rare to achieve acceptable study power, since pop-
ulations exposed to landfils, unlike occupational co-
horts, ofteninclude fewlong-term orhigh-dose individ-
uals (6). Studies that confine themselves to such
outcomes will therefore be uninterpretable ifthey give
negative results. Studies confined to common respira-
tory, irritant, dermal, or neuropsychological problems
will tend to lack credibility if they are positive, since
recall biases, the health effects of lifestyles and occu-
pation, and problems with the relability and biologic
relevance ofsymptomhistorieswillthreatentheirover-
all validity.
Surveying markers of environmental pathology has
been raised as a theoretical solution to the difficulties
posed by clinical markers. Markers may be grouped by
pathologic process and organ-system (10,14,15) or by
exposure (16,17). If markers of exposure-specific,
chronic disease were able to identify a larger at-risk
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subpopulation than would be possible using the disease
itself, the problem of low study power would be miti-
gated. With respect to symptom histories, sensitive
markers might be able to distinguish self-reports at-
tributable to the exposures of interest from those re-
lated to other factors.
Pathologicalmarkers were not available tothe Upper
Ottawa Street Landfill Site Study because the hy-
potheses were not related to knowledge of specific ex-
posures. An effort was made to validate the results of
the health questionnaire survey by strategies, which
are detailed in the "Materials and Methods" section of
this report. This approach corresponds to the strategy
recommended by an Executive Scientific Panel con-
vened by the Universities Associated for Research and
Education in Pathology in their report Health Aspects
ofthe Disposal ofWaste Chemicals (18).
Workers Study
This chapter describes the design and conduct of a
historical prospective morbidity survey of a cohort of
workers from the landfill site. The study compared the
self-reportedhealthhistoriesofthoseworkingat or near
the site since 1965 with a sample of city and municipal
workers working at other outdoor occupations during
the same time period. In addition, the mortality expe-
rience ofthe exposed cohort was compared with that of
all Ontario males using standardized mortality (SMR)
analysis. The year 1965 was taken as the starting date
because there was a consensus among long-term work-
ers that industrial waste disposal had begun by that
date.
Materials and Methods
Study Subjects. On-site employees included scale-
men, security guards, heavy machinery operators,
waste testers, liquid waste solidification plant atten-
dants, and supervisors, whosejobs ended with the clos-
ingofthesite in 1980. Sewerand waterworkspersonnel
had on-site storage facilities at the landfill which con-
tinued to be used after the site was closed. Altogether,
there were 66 regional employees in these nine cate-
gories. City employees (102 in all) worked at a works
yard adjacent to the landfill includinggarbage men who
unloaded at the landfill several times a day. Twenty-
two salvage pickers were licensed to follow garbage
trucks onto the landfill and recover paper, metal and
wood directly from the dumpface. Seven firefighter in-
structors worked seasonallyat afirefightertraining cen-
ter which was also adjacent to the landfill. In general,
on-site employees and salvage pickers were potentially
exposed through inhalationand direct contactwhilecity
employees and firefighters were potentially exposed
through inhalation only. A cohort of 176 live and 21
deceased workers was identified who worked at any
time between 1965 and the site's closure in 1980.
Controls. The City of Hamilton and four other mu-
nicipalities within the Region of Hamilton Wentworth
provided names ofstreets and sanitation workers with
no known landfill site exposure or regular exposure to
herbicides and pesticides, and with names of retired
outdoor workers. In all, 235 useable names were sup-
plied ofthose ever working between 1965 and 1980.
Employer assignment of workers to landfill or non-
landfill work generally occurred after hiring and suit-
abilityforoutdoorworkwasdetermined. Therefore, the
control groups likely shared with the exposed workers
any health-related selection factors that lead to outdoor
work. Moreover, thewagescalesofthetwogroupswere
similar because of the overlap between collective bar-
gaining units. Because of the heterogeneous nature of
the exposed group, and a lack of age information from
available records, one-to-onematchingwasnotfeasible.
Post-hoc matching was not considered because of the
loss of power expected from a large number of un-
matchable respondents. As well, information regarding
start, dates and specificjob details was lacking for both
exposed workers and many controls, so self-reported
work histories were used throughout the study.
Questionnaire Design andAdministration. Items
onthequestionnaire covered concernsraisedfromthree
sources: the health problems found in excess on an in-
formal survey done by residents; a summary ofthe in-
herent toxic properties of more than 100 substances
tentatively identified in the air, water, and soil at the
landfill (19); and certain groups ofconditions commonly
associated with exposure to toxic industrial substances,
such as respiratory and skin conditions, irritant symp-
toms, and narcotic and anesthetic effects. Items not
thought to be related to environmental exposures were
includedtodistractrespondentsfromitemsofparticular
relevance, and to find out whetherpotential differences
in health status were confined to environmentally re-
lated health problems. No information was collected on
the use of prescription or illicit drugs. Respondents
were asked to give the year in which each health prob-
lem began, and whether or not it had persisted until
the time of interview.
An interviewer-administered format was selected in-
stead ofatelephone interviewbecause ofthelengthand
complexity of the questionnaire. Pre-tests were com-
pleted on 13 workers from two other landfill sites in
southern Ontario.
Interviews were conducted in respondents' homes
during the spring of 1983 by professional interviewers
experienced in dealing with sensitive issues. Because
of the publicity surrounding the landfill site, the inter-
viewers could not be kept blind to the respondents' ex-
posure status. Instead, interviewer bias was minimized
by not informing the interviewers ofthe difference be-
tween target and distractoritems on the questionnaire.
Medical Chart Abstraction. Subjects' family phy-
sician records were searched to confirm self-reported
health problems in order to measure the potential re-
porting bias from the exposed workers. The possibility
ofsuchbiasmighthavebeenincreasedbythesubjective
nature ofmany ofthe health problems and by the long
recall period.
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Four nurses conducted a pilot study of medical ab-
straction on 18respondentmedicalcharts. This exercise
demonstrated that family physician records were suf-
ficiently comprehensive for the abstraction study, but
that it was not feasible to abstract each respondent's
medical chart for all 120 health problems on the ques-
tionnaire in a fashion that would preserve abstractor
blindness. Two feasible approaches were identified. In
the first, abstraction would be confined to those health
problems reported by a respondent. Abstractors would
be unblinded to the health reports ofrespondents, but
would be able to use all their medical knowledge in
evaluating the relationship between the physician rec-
ords and the individual self-reports. In the second, ab-
straction would be confined to a randomly selected list
of health problems. In this case, the abstractors could
be blinded to the respondents' self-reports but many
healthproblems would beleftunabstracted. The former
approach was used in this study. Abstractor bias was
reduced by blinding the nurse abstractors to the ex-
posure status of the study subjects. In the residents
study the latter approach was used.
Nurse abstractors were required to determine whether
each health condition could be confirmed, possibly con-
firmed, or not confirmed in the physician's chart and to
provide evidence fortheir decision. They were given nine
descriptions of the possible relationship between the in-
formation in the medical chart and the self-reported com-
plaint. Two ofthe descriptions represented confirmation,
four represented possible confinnation, and three repre-
sented nonconfirmation. The abstractor was required to
report each condition by the most appropriate ofthe nine
categories. This approach to chart abstraction allowed us
to calculate the proportion of confirmed, possibly con-
firned, and nonconfirmed among reported conditions and
thus, to compare overreporting between the exposed
workers and controls in a search for recall bias. The ap-
proachtomedicalchartabstractionontheresidents' study
allowed estimation of both over- and underreporting
biases.
Nonconfirmation of a condition does not necessarily
mean respondent overreporting. Inadequate physician
record-keeping or poor communication between spe-
cialists and family physicians could have resulted in ap-
parent overreporting. It has been assumed that the
quality of record-keeping was equal among the physi-
cians of each group, so that there would not be a bias
imposed by apparent overreporting. Ifcorrect, then an
analysis of the relative proportions of nonconfirmed
events would be a valid method to assess recall bias.
MainAnalysis. Analysis was confined to individual
health conditions and organ-system groupings where
there was a 50% or greater difference in the crude in-
cidence between exposed workers and controls, and at
least 15 events in total. All biologically plausible con-
founders were then included in Cox proportional haz-
ards models (20) of each ofthese health conditions.
Risk time began with the year of first exposure at
the landfill for all exposed workers. For those who
worked there before 1965, 1965 was taken as the first
year at risk. Controls' risk time began with the first
yearofthejobthatqualifiedthemforthe controlgroup,
or 1965, if they began work before that year. Follow-
up continued until the year ofinterview (1983), regard-
less of whether or not the individual had left the job.
Only first incident events occurring afterfirst exposure
to the landfill site or the analogous municipal/cityjob in
the control group were included in the analysis. All
eventspriorto 1965wereexcluded. Whenorgansystem
groups ofhealth conditions were analyzed, onlythefirst
eligible incident event within the group was counted.
Those reporting first events prior to exposure did not
contributerisktimetotheanalysis. Exposurestochem-
icalsandothertoxicagentsthroughouttherespondents'
working lives were included as potential confounders in
appropriate analyses. Each condition was analyzed us-
ing three inclusion criteria.
ANALYSIS 1. Allself-reported eventswereincluded
except those where the individual had reported seeing
a physician and no evidence of the condition could be
found on the physician chart. In such cases, person-
years were contributed up to, but not beyond, the date
of self-reported illness. Events reported by those re-
fusing chart abstraction were also included.
ANALYSIS 2. All events which were not confirmed
orpossibly confirmed onmedical chart abstractionwere
excluded. This meant that information from those re-
fusing chart abstraction, those who did not see a phy-
sician, or who saw a physician uncontacted by us, was
excluded.
ANALYSIS 3. Only those events which were con-
firmed on medical chart abstraction were included.
This approach allowed data relating to recall bias to
be incorporated into the analysis. Analysis 1 was most
statisticallypowerful, butmostsubjecttobias. Analysis
3 was least statistically powerful, but least subject to
bias. The relative risk for each analysis was derived
from the exponent of the hazard function in the Cox
model.
Subanalyses. Subanalyses evaluated temporal re-
lationships between symptom onset and workplace ex-
posure patterns, as well as dose-response gradient by
those working directly on-site, adjacent to the site, and
controls.
Analysis by time period addressed the question: did
the onsetofconditions inthemainanalysistend tooccur
during the time period when it was thought that the
largest volumes ofwaste were being disposed ofat the
landfill? If the conditions of interest were related to
short-term exposures and did not involve a long follow-
up period before onset of symptoms, intensity of ex-
posure should have corresponded with concurrent risk.
A descriptive analysis was conducted to identify the
conditionswhosemaximumriskoffirstonsetwasduring
either 1970-75 (the period ofrapidly increasing volume
of disposal) or 1976-80 (the period of maximum dis-
posal). These were the periods ofgreatest potential en-
vironmental exposure, while 1965-69 (a period of pre-
sumed low volume disposal) and 1981-83 (the period
afterthe sitewasclosed)wereperiods oflowerpotential
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exposure. Cumulative incidence rates foreach condition
were calculated for each time period, including in the
denominator the person-years of exposure within the
time period ofinterest and excluding the person-years
of exposure of those who had reported onset of symp-
toms in a previous time period.
Results
Response Rates. Of exposed workers, 84.5% and
71.9% ofthe controls completed an interview. Twenty-
five percent of controls and 14% of exposed workers
refused for nonhealth reasons, while 3.1% and 1.7% re-
fused for health reasons, respectively. The consent
rates for medical chart abstraction were excellent, with
86.3% ofeligible exposed workers and 83.8% ofcontrols
consenting. At least one usable chart was abstracted
for 92.5% of consenting exposed workers and 91.5% of
controls.
Comparability of Groups. SELECTED POPULA-
TION VARIABLES. The mean age ofthe exposed work-
ers was 49.0 years and of the controls was 47.4 years.
There were no appreciable between-group differences
in national or language background or home ownership.
Agreaterproportion ofcontrols were single, separated,
or divorced (24.4%) than exposed workers (10.9%),
while agreaterproportion ofcontrols gottheirdrinking
water from wells (19.5%) than the exposed workers
(6.1%). This reflected the fact that some controls were
sampled from mixed urban-rural municipalities outside
the City of Hamilton.
INCOME AND EDUCATION. A trend toward higher
income among the exposed workers reflected the inclu-
sion of some employees who had been promoted to
professionaljobsandofthepresence offirefightersenior
officersinthisgroup(10.9% ofexposedworkers'families
hadincomesof$40,000 ormore, butonly4.9%offamilies
of control workers). The modal income range was the
same ($20,000-$29,999) for both groups. Studies relat-
ing income to health status in Canada have shown dif-
ferences inhealth statusbetweenthehighestandlowest
quintile groups, with decreasing income correlating
with decreased health status (21). The income differ-
ences seen between our study groups do not put them
in different income quintiles and gave us little cause for
concern. There were some differences in educational
attainment aswell. Grade 8was notcompleted by 18.4%
of exposed workers and 23.2% of controls.
CIGARETTES AND ALCOHOL. Table 1 shows a trend
toward increased smoking activity and younger age of
onset ofsmoking among exposed workers. Appropriate
statistical adjustments were made in the analysis of
respiratory conditions because of this trend. No be-
tween-group differences were noted in alcohol con-
sumption. Daily alcohol consumption was reported by
30.6% ofexposed workers and 30.5% ofcontrols. Total
abstention was reported by 14.3% and 15.2%, respec-
tively.
EXPOSURE TO TOXIC SUBSTANCES. The respond-
ents were asked to report exposures totoxic substances
Table 1. Experience of cigarette smoking.
% Responding "yes"
Question Exposed (n) Controls (n)
History of smoking
Ever smoked cigarettes daily 76.9 (113) 70.7 (116)
Never smoked 17.0 (25) 21.3 (35)
Used to smoke occasionally 5.4 (8) 7.3 (12)
Now smoke occasionally 0.7 (1) 0.6 (1)
Currently smoke cigarettes daily 44.2 (65) 40.9 (67)
Number of cigarettes now smoked
0 55.8 (82) 59.1 (97)
Less than 10 3.4 (5) 4.9 (8)
10-19 6.8 (10) 6.7 (11)
20-25 26.5 (39) 22.7 (37)
More than 25 7.5 (11) 6.1 (10)
Age started smoking dailya
10 or younger 8.7 (10) 6.6 (8)
11-15 35.7 (40) 24.0 (28)
16-20 44.3 (50) 57.0 (66)
Older than 20 11.3 (13) 12.4 (14)
aProportion ofthose who ever smoked daily.
in jobs other than those at the landfill site since the
beginning of their working lives. This meant that the
controlswere abletoreportacompletelistofexposures,
while the exposed workers could only report exposures
before (or after) landfill site employment. Accordingly,
large differences were seen in reported exposure to pe-
troleum products (42.9% of exposed workers, 57.3% of
controls), solvents (25.9% of exposed, 51.2% of con-
trols), fertilizers and pesticides (21.8% of exposed,
48.8% of controls), and paints and plastics (32.0% of
exposed, 51.8% of controls).
MainAnalysis. Table 2 gives results for 13 individ-
ual health conditions and groups of related complaints
fromthemainlistof120complaintsinthequestionnaire.
Together, the items in Table 2 include all individual
health conditions or biologically related clusters ofcon-
ditions where there was a 50% or greater difference in
the incidence (not adjusted for age or follow-up time)
between exposed workers and controls and at least 15
eligible events in total. In all cases, the cumulative in-
cidence among the exposed workers was greater than
the controls.
Analyses 1, 2, and 3 were conducted using the rules
described previously. The following relationships were
observed:
There was a consistent association between reports
of chronic bronchitis, daily cough, and combined res-
piratory complaints with landfill site exposure, irre-
spective of the exclusion of unconfirmed self-reports.
Preliminary analysis indicated that exposed-control dif-
ferences existed both for smokers and nonsmokers. No
between-group differences were noted for other respi-
ratory problems such as asthma or pneumonia.
There was an association between the combined skin
variable and landfill site exposure, irrespective of the
exclusion of unconfirmed self-reports. This association
was weaker than that with the respiratory group.
Strong and consistent associations were found be-
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Table 2. Risk of adverse health outcomes associated with landfill site exposure.
Health condition Analysis 1 Analysis 2 Analysis 3
(confounding
variables included Relative No. of events Relative No. of events Relative No. of events
in the model)a risk pb Cases Controls risk pb Cases Controls risk pb Cases Controls
Chronic bronchitis 3.52 0.015 12 4 4.18 0.015 10 3 6.49 0.008 10 2
(a,b,c,d)
Difficulty breathing 1.45 0.143
(a,b,c,d)
Daily cough 2.38 0.006
(a,b,c,d)
Combined bronchitis, 1.81 0.008
emphysema,
difficulty
breathing, daily
cough
(a,b,c,d)
Skin rash 1.40 0.204
(d,e,g,h)
Combined skin rash, 1.83 0.024
unusual acne,
discolored
patches on
skin
(135)c (149)
19 15
(142) (160)
22 14
(135) (155)
40 30
(147) (164)
14 12
(143) (187)
27 21
(147) (164)
(d,e,g,h)
Cardiac: angina, 2.19 0.016 20 12
heart attack (146) (162)
(a,b)
Arthritis/rheumatism 1.59 0.043 32 26
(a,b,c) (137) (153)
Red, itchy eyes 1.63 0.130 13 10
(d,e,g) (142) (160)
Mood symptoms: 4.70 < 0.0001 29 11
anxiety (147) (164)
depression
insomnia
irritability
restlessness
(a,e,f,g,i)
Narcotic symptoms: 2.45 0.005 25 14
headaches, (147) (164)
dizziness,
lethargy,
balance
problems
(a,ef,g,i)
Tremors, cramps, 2.23 0.078 13 6
spasms (144) (161)
(a,ef,g,i)
Muscle weakness 2.58 0.015 16 9
(arms and legs) (146) (163)
(a,ef,g,i)
2.12 0.038
3.29 0.005
2.57 0.0009
1.73 0.125
1.83 0.057
1.76 0.077
1.93 0.019
4.14 0.021
3.58 0.003
2.49 0.014
16 9 1.58 0.167
16 7 2.83 0.030
32 17 2.31 0.006
12 8 1.60 0.166
17 13 1.83 0.057
15 10 1.70 0.115
25 17 1.83 0.057
8 3 N/Ad
17 8 4.72 0.0001
19 10 4.72 0.005
N/Ad N/Ad
2.89 0.022 11 6 1.64 0.240
aConfounding variables are: a, age (stratified by age at onset ofentry into study group: 0-29, 30-49, 50+); b, smoking status: c, nonlandfill
site exposure to dusts; d, nonlandfiil site exposure to fumes and gases; e, nonlandflll site exposure to solvents;f, nonlandfill site exposure to
pesticides; g, nonlandfiil site exposure to plastics; h, nonlandfill site exposure to petroleum products; and i, nonlandflll site exposure to alcohol
intake.
bValues ofp are based on Z distribution, one-tailed.
'Numbers in parentheses are total subjects available for analysis in analysis 1.
dToo few events were seen by a physician to warrant further analysis.
tween mood symptoms (anxiety, depression, insomnia, proportion of these symptoms reported to a physician
irritability, and restlessness) and narcotic symptoms or confirmed by medical chart abstraction.
(headaches, dizziness, lethargy, balance problems) with A consistent, though biologically unexplained, asso-
landfill site exposure, irrespective ofmedical chart ab- ciation between arthritis and landfill site exposure was
straction status. identified, irrespective ofmedical chart abstraction sta-
Theanalysisofthe associationbetween irnitant symp- tus. It should be noted that the relative risk did not
toms and neuromuscular symptoms with landfill site ex- exceed 2.00.
posure was limited as a result of the relatively small An association ofangina and heart attackwith landfill
11 8
10 5
25 15
11 8
17 13
12 9
22 16
15 6
17 5
5 4
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site exposure was seen in analysis 1, but the association
lost its statistical significance when only medical chart-
confirmed events were considered in analysis 3.
No association was found between landfill site expo-
sure and several major chronic health problems not
thought to be related to toxic chemicals. These included
highbloodpressure (crudeincidenceinexposedworkers
equalled20.7%, incontrols, 15.3%), stroke(1.4%, 1.8%),
diabetes (2.7%, 2.4%), gallbladderdisease (2.1%, 1.8%),
and stomach ulcer (6.8%, 6.3%). No associations were
seen between landfill site exposure and any gastroin-
testinal, hematologic, or genitourinary conditions.
Time Patterns. Table 3 shows the conditions by
period of maximum relative risk and the magnitude of
the relative risk using all eligible events from analysis
1. The conditions tended to cluster in the 1970-75 and
1976-80 periods, with the 1970-75period predominant.
Two conditions were clustered in the 1981-83 period:
red, itchy eyes and tremors, cramps, and spasms. Con-
current exposure would likely be required iflandfill ex-
posure were to have led to red, itchy eyes, so the cred-
ibility of this association is reduced. A possible latent
effectoflandfill exposure onthedevelopmentoftremors
cannotbe excluded. The combinedrespiratory and com-
bined skin groups clustered in the 1965-69 period, de-
spite the fact that the principal contributing conditions
to both groups clustered in the 1970-75 period. This is
a statistical artifact based on counting the first event
within each group and does not reduce the credibility
ofthese associations.
RiskGradient withDuration ofExposure andTime
Since First Exposure. Table 4 identifies maximum
relative risks by time period since first exposure using
analysis 1 methods of counting events. Three time pe-
riods were used: 0 to 5 years, 6 to 10 years, and 11 to
18 years since first exposure. The onset of most con-
ditions tended to cluster in the first 5 years since ex-
Table 3. Period of highest relative risk by events/1000 man-years
in exposed versus controls.
Condition Period Relative riska
Combined respiratory 1965-69 3.65
Combined skin 1965-69 5.05
Chronic bronchitis 1970-75 Inf
Difficulty breathing 1970-75 3.32
Daily cough 1970-75 3.30
Combined cardiac 1970-75 2.54
Skin rash 1970-75 Inf
Arthritis/rheumatism 1970-75 2.28
Mood symptoms 1976-80 9.41
Narcotic symptoms 1976-80 8.53
Muscle weakness (arms and 1976-80 2.99
legs)
Red, itchy eyes 1981-83 2.27
Tremors, cramps, spasms 1981-83 9.19
aA relative risk ofinf(infinity) indicates a situation in which there
were some events in the exposed group but none in the controls.
Beforewewouldacceptthisasindicatingtheperiodofhighestrelative
risk, it had to meet the criterion ofat least five events in the exposed
group. Ifthere were fewer than five events, the period was not con-
sidered, and instead the period ofhighest relative risk in which there
were at least some events in both groups is indicated in the table.
Table 4. Period of highest relative risk (exposed versus controls)
in terms of years since first exposure.
Years since first
Condition exposure Relative risk
Chronic bronchitis 0-5 3.42
Difficulty breathing 0-5 3.85
Combined respiratory 0-5 2.03
Skin rash 0-5 1.92
Combined skin 0-5 4.85
Arthritis/rheumatism 0-5 2.06
Narcotic symptoms 0-5 3.59
Mood symptoms 0-5 5.11
Muscle weakness (anns and 0-5 6.61
legs)
Daily cough 6-10 3.31
Combined cardiac 6-10 3.89
Red, itchy eyes 6-10 6.73
Tremors, cramps, spasms 6-10 6.69
posure. The four conditions whose period of maximum
relative risk occurred 6 to 10 years after first exposure
included two (tremors, cramps, spasms; and red, itchy
eyes) that also clustered in the 1981-83 period, and one
(combined cardiac) that is highly age dependent.
RiskAssociated with On-SiteExposure VersusEx-
posure Adjacent to the Landfill. The exposed work-
ers were divided between those who worked directly
on the landfill site and those who worked at the city
works yard or firefighter training station adjacent to
the site. In the absence of valid individual exposure
data, this distinction represented the best available in-
dex ofintensity ofexposure and was not confounded by
differing age distributions. Table 5 shows the gradient
of risk associated with on-site exposure, exposure ad-
jacent to the landfill, and nonexposure. Linear trends
were demonstrated for chronic bronchitis, daily cough,
mood and narcotic symptoms, as well as for muscle
weakness in arms and legs, and the combined respira-
tory variable. Evidence of a monotonic increase in the
incidence rate of the combined skin variable was also
evident, but did not achieve conventional levels of sta-
tistical significance.
ReproductiveHealth. Ten percent ofexposed hus-
bands and 6.7% of controls reported being unable to
initiate a pregnancy after one year of attempting to
conceive (p=0.33). Eighteen spontaneous abortions
(19.1%) were reported by exposed workers and eight
(10.5%) among unexposed (p=0.12). Problems with
spouse recall, identification of spontaneous abortions,
and denial of infertility make interpretation of these
nonstatisticallysignificanttrendsdifficult. Nostillbirths
occurred among the pregnancies beginning after first
exposure at the landfill. Three birth defects were re-
portedamong94offspringofexposedworkerswhowere
born after the workers' first exposure (i.e., one hearing
problem, one kidney/bladder problem, and one large
birth mark). Four birth defects were reported among
76 offspring ofcontrols born after first exposure to the
job that qualified them for the study (i.e., one muscular
dystrophy, one hemangioma, one hip displacement, and
one toe deformity).
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Table 5. Risk associated with gradient of exposure.
Exposure Incidence, %
Condition group (n) X2 in P(X2)
Chronic bronchitis On-site 13.3 (8) 8.44 < 0.0001
Adjacent 5.3 (4)
Controls 2.7 (4)
Difficulty On-site 17.5 (11) 2.50 0.114
breathing Adjacent 10.1 (8)
Controls 9.3 (15)
Daily cough On-site 23.0 (14) 6.75 0.009
Adjacent 10.8 (8)
Controls 9.0 (14)
Combined On-site 34.3 (23) 6.28 0.012
respiratory Adjacent 21.3 (17)
Controls 18.3 (30)
Cardiac On-site 11.9 (8) 1.85 0.173
Adjacent 15.2 (12)
Controls 7.4 (12)
Skin rash On-site 12.1 (8) 0.98 0.323
Adjacent 7.8 (6)
Controls 7.6 (12)
Combined skin On-site 22.4 (15) 3.07 0.080
rash, unusual Adjacent 15.0 (12)
acne, Controls 12.8 (21)
discolored
patches
on skin
Red, itchy eyes On-site 12.5 (8) 2.07 0.150
Adjacent 6.4 (5)
Controls 6.3 (10)
Arthritis/ On-site 15.9 (10) 0.13 0.715
rheumatism Adjacent 29.7 (22)
Controls 17.0 (26)
Table 6. Standardized mortality ratios among exposed workers.
Cause of death Expecteda Observed SMR CI95b
All cancer (including 5.31 6 113 41-247
leukemia)
Respiratory cancer 1.83 3 164 33-481
Cardiovascular 11.72 9 77 34-146
Respiratory system 1.47 2 136 14-146
(excluding cancer)
Other causes 4.30 3 70 14-205
Totals 22.80 20 88
aExpected cause ofdeath based on age-specific, cause-specific mor-
tality rates for all Ontario males by 5-year intervals, 1965 to the
present. From International Classification of Disease (26).
b95% Confidence intervals around SMR estimates.
Mortality. Twenty-one exposed workers died be-
tween 1965 and 1983, of whom 20 were found in the
Ontario Death Registry. Their identities were verified
by occupation and address at death and analyzed using
the standardized mortality ratio (SMR) approach (Table
6). The expected deaths are derived from the cause-,
age-, sex-, and year-specific death rates among all On-
tario males. We assumed that all deceased workers be-
gan work before 1965, and therefore contributed max-
imum person-years at risk before death. A healthy
worker effect is reflected in the all causes SMR of 88,
based on reduction of cardiovascular and other causes
of mortality. A nonstatistically significant trend to in-
creased respiratory mortality from cancer and noncan-
cer causes is noted. Because of the low power of this
analysis, it could not be concluded that landfill site ex-
posure had not conferred a mortality risk on those ex-
posed. However, no statistically detectable risk was
evident by 1983.
Quality ofSelf-Reported Health Histories. Table
7 shows the rate of confirmation for the time periods
before (up to 1977) and after (1978-83) the beginning
of intense public concern about the landfill. Between-
group differences in the distribution ofconfirmed, pos-
sibly confirmed, and not confirmed events were not ev-
ident in either time period. However, the proportion of
not confirmed events rose 9.9% in the exposed group
and 4.8% in the controls after the onset of publicity.
Table 8 examines the conditions in the main analysis
where aphysicianvisitwasreported. Thistableincludes
events that occurred both before and after first work
at the landfill site, while analysis 1 in Table 2 includes
events that were not subject to medical chart abstrac-
tion. Therefore, the numbers in Table 8 are not quite
the same as those in Table 2. None ofthe conditions of
interest showed trends to overreporting among the ex-
posed workers, but narcotic symptoms were relatively
overreported among the controls. Ifthe exposed work-
ers were more concerned than controls about their
health as a result oflandfill site exposures, it would be
anticipated that they would see physicians for their
health problems more readily than controls. There was
no evidence of an increased rate of self-reported phy-
sician attendance for the exposed workers compared to
the unexposed when conditions were analyzed by organ
system. In general, the trend was toward increased
physician attendance among the unexposed. Only one
nurse abstractor noted a case where a physician re-
ported that a workers' visit was due to concern about
landfill site exposure.
Overall, the data suggest that overreporting rates
were unbiased between groups, and that knowledge of
landfill site exposure did not increase physician utili-
zation. Underreportingcouldnotbeassessedfromthese
data. However, confirmation from medical charts was
Table 7. Confirmation of illness by period before and after
publicity about the landfill site began (in those who reported
seeing a doctor).
Possibly Not
Group Confirmed confirmed confinned Total
Prepublicity period (before 1965-1977)
Exposed 214 (73.3%) 55 (18.8%) 23 (7.9%) 292
Controls 179 (73.7%) 47 (19.4%) 17 (7.0%) 243
Totals 393 102 40 535
x2- 0.158, p = 0.924
Postpublicity period (1978-1983)
Exposed 175 (67.8%) 37 (14.4%) 46 (17.8%) 258
Controls 167 (72.9%) 35 (15.3%) 27 (11.8%) 229
Totals 342 72 73 487
X2= 3.47, p = 0.176
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Table 8. Association between landfill site exposure and status after medical chart abstraction for selected health conditions.
Condition Confirmed Possibly confirmed Not confirmed x2 p
Chronic bronchitis
Exposed
Controls
Difficulty breathing
Exposed
Controls
Daily cough
Exposed
Controls
Combined respiratory
Exposed
Controls
Skin rash
Exposed
Controls
Combined skin rash, unusual acne,
discolored patches on skin
Exposed
Controls
Angina/heart attack
Exposed
Controls
Arthritis/rheumatism
Exposed
Controls
Red, itchy eyes
Exposed
Controls
Mood symptoms
Exposed
Controls
Narcotic symptoms
Exposed
Controls
Tremors, cramps, spasms
Exposed
Controls
16
10
12
8
13
7
45
26
10
7
17
14
17
15
17
18
3
4
15
5
26
8
3
3
1
2
4
2
3
1
8
6
1
0
3
0
4
3
4
1
3
1
3
1
2
6
2
0
0.194
2
0
6
2
0.037
2
0
3
1
1
2
3
1
2
1
Muscle weakness (arms and legs)
Exposed 4 8
Controls 4 4
aExact probability by Fisher's exact test, for 2 x 2 table of"confirmed" versus "other."
0.556
O.348a
0.768a
0.593a
0.659
0.282a
0.158a
0.847
0.215a
0.315a
0.633a
0.036a
o.545a
0.456
made for 36.5% of self-reports when a physician visit
was not reported. This suggests either that underre-
porting might have been a significant problem or that
ourpossibly confirmedcategoriesweretooall-inclusive.
Discussion
Table 9 summarizes the credibility ofeach association
betweenlandfill siteexposure andthehealthconditions,
accordingtocriteriawhichcouldbe metbythe available
data. The associations with the highest overall credi-
bility include chronic bronchitis, daily cough, combined
respiratory problems, narcotic symptoms, and mood
disorders. An intermediate level of credibility was ev-
identwith difficultybreathing, skinrash, combined skin
problems, and muscle weakness. Associations with car-
diac disorders; arthritis; red, itchy eyes; and tremors,
cramps, and spasms were of low credibility.
Would a control group from another landfill site have
been more appropriate than a group of nonlandfill out-
door workers? It is possible that the selection factors
thatdeterminedlandfillsiteemploymentmightnothave
been found among other outdoor workers. Ifthese fac-
tors were health-related, then important confounders
were missed in this study. Such a possibility cannot be
discounted. However, obtaining landfill controls from
other sites would have introduced new problems. There
is no way to guarantee that industrial waste would not
havebeendisposedofinotherlandfillsites, leavingopen
the possibility of comparing exposed workers with ex-
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Table 9. Summary of criteria for evaluating the association of specific health problems and landfill site exposure.
Strength of association No evidence of Time cluster Risk gradient Overall
Biologic RR > 2.0 for p < 0.05 for nonconservative (1970-75) or by intensity of credibility of
Condition plausibility analysis 3a analysis 3 recall bias (1970-80) exposureb the association
Chronic bronchitis + + + + + + + High
Difficulty breathing + - - + + + Moderate
Daily cough + + + + + + + High
Combined respiratory + + + + N/A + + High
Combined cardiac + - - + + - Low
Skin rash + - - + N/A + Moderate
Combined skin + - - + N/A + Moderate
Red, itchy eyes + ?c ? + - + Low
Arthritis - - - + + - Low
Narcotic symptoms + + + + + + + High
Mood disorders + + + + + + + High
Tremors, cramps, + ? ? + - - Low
spasms
Muscle weakness + - - + + + + Moderate
aSee text for description of analysis 3.
bIn the risk gradient column only, + means the presence of a monotonic trend, while + + indicates that the p-value associated with linear
trend was <0.05.
c? = Insufficient data for analysis 3.
posed workers. Landfill workers from sites outside the
area would not experience the same ambient air pol-
lutionatworkasthe exposedworkers. Thisisimportant
in the Hamilton Wentworth area, where air pollution
has been a public health concern. Also, the feasibility
of blinding medical chart abstractors to the exposure
status of out-of-town study subjects would have been
drastically reduced.
The problem of the 13% difference in response rate
between exposed workers and controls leaves open the
possibility that some orall ofthe results may have been
explained by volunteer bias alone. However, interview
refusals by both exposed and control subjects were pri-
marily for non-health related reasons. In order to ex-
plain away the relative risks of 2.0 or greater found
among the high credibility associations, the incidence
ofthecomplaintsofinterestamongtherefusingcontrols
would have had to have been much greaterthan among
the refusing exposed workers.
Finally, alcohol intake and smoking patterns were
similar between groups. Differences between controls
and exposed workers were most marked for exposures
to industrial toxins. In general, adjustment for these
exposures did not change the magnitude ofthe relative
risk. In the case of skin disorders, adjustment for ex-
posure to fumes and gases did slightly increase the rel-
ative risk.
Residents Study
Thehighandmoderatecredibilityconditions fromthe
workers study are presented in Table 10. Beside them
are the corresponding items from the residents study
questionnaire which served as the primary hypotheses
for this latter study. Secondary hypotheses included
otheritemsthatmighthavebeen expectedtoberelated
to landfill site exposure on the basis ofbiologic plausi-
bility, but did not emerge from the workers study.
This report is confined to adults, that is, those over
age 16 at the time of first residence at the landfill or
the control community.
Materials and Methods
LandfiU Area Residents. Available records sug-
gested that 1976-80 was the period of highest volume
disposal of industrial waste at the landfill and so was
selected as the exposure window. During 1980, the site
was closed to disposal, and was capped late in the year.
Residence time prior to 1976 was counted as exposed
time forthose whomovedintothe areabefore then, but
those who lived in the area and moved out before 1976
were excluded from the study.
Six groups of landfill area households were selected
for health survey interviews, based on tax assessment
records. They were: (a) those living 250 to 500 meters
from the edge ofthe dumpface at the time ofinterview
who had been resident there for 3 or more years be-
tween 1976 and 1980 (1000 series) (Table 11); (b) those
living 250 to 500 meters from the edge ofthe dumpface
at the time of interview, who had been resident there
for less than 3 years between 1976 and 1980 (2000 se-
ries); (c) those living 500 to 750 meters from the edge
ofthe dumpface at the time ofinterview who had been
resident there for 3 or more years between 1976 and
1980 (3000 series); (d) those lving 500 to 750 meters
from the edge ofthe dumpface at the time ofinterview
who had been resident there for less than 3 years be-
tween 1976 and 1980 (4000 series); (e) those living 250
to 750meters fromtheedgeofthe dumpfaceatthetime
of interview but who had not been resident there be-
tween 1976 and 1980 (7000 series); (f) those who lived
250 to 750 meters from the edge ofthe dumpface some-
time between 1976 and 1980 but who subsequently
moved out ofthe area (8000 series).
There were no data available documenting commu-
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Table 10. Correspondence between workers study conditions and
residents study hypotheses.
Conditions found in excess
among exposed workers
Chronic bronchitis
Difficulty breathing
Daily cough
Combined bronchitis,
emphysema, difficulty
breathing, daily cough
Skin rash
Combined skin rash, unusual
acne
Combined headaches,
dizziness, lethargy, balance
problems (narcotic
symptoms)
Combined anxiety, depression,
insomnia, irritability,
restlessness
Muscle weakness (arms and
legs)
Health problems eligible
for hypothesis-testing in
residents study
Attacks of bronchitis
Chronic bronchitis
Shortness of breath
Cough and phlegm
All symptoms listed above
Recurrent or severe problems
with skin rashes or hives
Recurrent or severe problems
with:
Scaly, dry, or itchy skin
Unusual acne
Boils, warts, cysts
White or dark patches on the
skin
All skin problems listed above
Frequent or severe headaches
Frequent dizziness or blurred
vision
Constant fatique, lethargy,
drowsiness
Problems with balance,
coordination, reaction time,
clumsiness
All narcotic symptoms listed
above
Insomnia
Frequent feelings of anxiety or
depression
Frequent feelings of irritability
Frequent feelings of
hyperactivity, restlessness
Learning or memory disorders
All mood symptoms listed above
Muscle weakness
(arms, legs, hands, feet)
nity exposure patterns during the period of peak dis-
posal activity, so there was no scientific basis for es-
tablishing a cutoff distance beyond which no exposure
to landfill emissions had occurred. Bisection of the 250
to 750 meter zone into two bands made it possible to
planthree-point analyses byproximity tothe site: those
250 to 500 meters from the dumpface, those 500 to 750
meters from the dumpface, and controls.
Tax assessment roles revealed that virtually none of
the eligible households had been established near the
landfill before 1972. Therefore, 1972 was defined as the
year offirst exposure for the purposes ofquestionnaire
design and control selection. Sample size considerations
were dominated by detecting the rarest important out-
come: ariskofbirth defects, ifone existed. Calculations
showed that achieving 90% power to detect a two- to
threefold increase in a conditions with a 1% prevalence
in controls (i.e., all clinically significant birth defects)
would require 950 to 3000 childbirths among both ex-
posed and controls groups. A household interview sam-
ple large enough to guarantee this many childbirths
could not be found adjacent to the landfill. Ultimately,
a sample of 614 houses were identified in the 1000 to
4000 series (Table 11). Assuming an 80% response rate
and 1.3 childbirths per household following first resi-
denceatthelandfill, thissample sizewouldhaveallowed
80% power to detect a relative risk of 3.0 for all birth
defects.
Controls. Control selection was designed to achieve
comparability in family size, age distribution, and so-
cioeconomic status, since these factorswould likely cor-
relate closelywith occupational and personalhealthrisk
factors that could confound the outcome of the study.
Identification of an acceptable control community was
hampered by several factors. Since the Upper Ottawa
Street Landfill Site areawas developed duringthe mid-
1970s, it was necessary to restrict the search for con-
trols to other newly developed communities. In addi-
tion, the Landfill Site community was spread out over
four census tracts and eight Hamilton Planning De-
partment neighborhoods. However, only 20 to 75% of
each census tract and 0.5 to 34.0% of each planning
neighborhood fellwithinthe studyarea. Thus, datarou-
tinely collected by tract and neighborhood on family
size, occupation, and income were unhelpful in identi-
fying a control community.
As an alternative, information on house size, type,
building dates, and resale value provided by the plan-
ning department and real estate board were used as
surrogates for family size, age, and socioeconomic sta-
tus. Thus a control community was identified in the
same airpollution region as the landfill site. Resale val-
ues of houses within the two areas for August, 1983,
were available. Thirty-three houses in the landfill area
had sold for an average of $75,840 (range $54,500-
$99,900). In the control community, 18 houses sold for
an average of $74,570 (range $48,500-$104,900).
Table 11 shows control households from tax assess-
ment rolls divided into two subgroups: the 5000 series
andthe6000series. The5000seriesiscomposedofthose
wholived inthe controlareaforless than3 years during
1976 to 1980. Their duration ofresidence is comparable
to landfill residents in the 2000 and 4000 series. The
6000 seriesis composed ofthose who lived inthe control
area for 3 or more years between 1976 and 1980. Sub-
jects in the 5000 and 6000 series were current residents
at the time of interview. Migrators (analogous to the
8000 series) were not sampled from the control com-
munity because the assessment rolls revealed a very
low rate of emigration. Similarly, too few control area
residents moved in after 1980 to form a group compa-
rable to the 700 series.
Theratio of5000 to 6000 serieshouseholds (1:2.7) was
lower than the ratio for 2000 plus 4000 series to 1000
plus 3000 series households (1:1.1). Therefore, it was
clear from the outset that the control community had a
higher proportion of long-tern residents and was less
migratory than the landfill site community.
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Table 11. Evolution of eligible households for study.
Households Households lost during Households eligible Sampling group available for interviewer contact after interviewer
Series Short titles used in tables assignment Ineligible Moved contact
Landfill residents
1000 Long-terma 152 0 22 130
2000 Short-terma 117 6 21 90
3000 Long-terma 256 3 35 218
4000 Short-terma 248 11 61 176
7000 Recent residents 219 8 49 162
8000 Movers 435b 39 48 348
Controls
5000 195 1 24 170
6000 526 4 56 466
aAlso exposed or nonmovers.
bIncludes 32 households originally assigned as 1000 through 4000 series who were found at a new address outside the landfill area.
Questionnaire Design and Administration. The
questionnaire was designed for administration to the
female head of household who would report on behalf
of each family member. The workers study question-
naire served asthestartingpointfortheresidentsques-
tionnaire. Feedback from the interviewers was avail-
abletohelpreviseitasappropriate. Preliminaryresults
of the workers study suggested that specific respira-
tory, dermal, and neurological conditions might ulti-
mately emerge as main hypotheses from the workers
study. Thecorrespondingsections intheresidentsques-
tionnaire were strengthened. Questions were borrowed
from the Respiratory Standardization Questionnaire to
supplement the existing respiratory questions; items
regarding body distribution and qualifying phrases re-
garding frequency and severity of symptoms were
added to the dermal section. Qualifying phrases were
similarly added to the neurological sections. Sections on
pregnancy history, maternal risk factors, and outcome
were developed de novo for the residents study. A list
ofcongenital anomalies was adapted from that used by
Frank and Corey (22).
The questionnaire was pretested on the households
of 33 former residents who had lived between 500 and
750 meters from the landfill for less than 3 years from
1976 to 1980. These individuals were excluded from the
tabulation of 8000 series residents found in Table 11.
Feedback demonstrated that questions from the Res-
piratory Standardization Questionnaire were found
lengthy, annoying, and redundant, and so many were
deleted.
Interviews were conducted in-home because of the
need for access to the female head of household (who
was frequently a homemaker) for an hour or more.
Whenthe female head wasunavailable, the interviewer
called upon alternate individuals according to a preset
hierarchy given to them by the study team. Publicity
surrounding the landfill site and the study precluded
the possibility of blinding exposed respondents to the
purpose of the interview. However, an attempt was
made to conceal the principal objectives of the study
from the controls. The letter of introduction said the
purpose of the interview was "to study the health of
persons who live at various distances from the Upper
Ottawa Street Landfill Site." Because the control com-
munity was less than 5 miles from the landfill, we
thought it possible that controls might not identify
themselves as unexposed. Ifthis were so, recall biases
might be reduced, while at the same time, response
rates might be enhanced.
Interviewers were blind to the hypotheses being
tested and were unaware ofwhich questionnaire items
were distractors. Interviewers were each assigned a
mixture ofhouseholds from different subgroups. An in-
formal survey ofinterviewers after the field work was
completed revealed that no distinct impressions or the-
ories of cause and effect had emerged among them.
Multiple call-backs were used in all situations where
initial interview contact met with refusal or no answer.
All initial refusals, multiple delays, or failures to keep
an interview appointment were logged by the inter-
viewers and screened for reassignment and recontact.
Thirty-sixpercentoftherefusersrecontactedasaresult
ofthe screen agreed to be interviewed.
When households were not found at the assigned ad-
dress, an attempt was made to find the family through
drivers license records, local contacts, and leads picked
upbytheinterviewers. Usuallythisresultedinahouse-
hold in the 1000 to 4000 series being reassigned to the
8000 series.
Data Analysis. The overall analytic strategy was
to assess the strength of association, consistency with
theworkersstudy, andgradientofresponsebyduration
ofexposure throughcomparisonsbetweencurrentland-
fill residents who were present between 1976 and 1980,
and controls. Analyses involving the other subgroups
(7000and8000series)weredesignedtoindirectlyassess
biases in the main analysis which might have resulted
from the high emigration rate from the landfill area and
from the possibility that the health ofthose choosing to
live adjacent to a waste disposal facility might differ
systematically from other people of similar socioeco-
nomic status not livinginthe area. Otheranalyses were
confined to the main study groups. These included hy-
pothesis-generating analyses; analyses checking the
specificity ofassociations between landfill exposure and
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the main health problems (through analyzing conditions
not expected to be related to exposure); and medical
chart abstraction for recall bias. In all, five criteria for
causation (strength of association, gradient, temporal-
ity, specificity, and consistency) and three sources of
bias (recall, migrator, and risk-taker bias) could be ad-
dressed through this analytic strategy.
Cox proportional hazards models (20) were employed
in the main analyses. All biologically plausible confoun-
ders were entered stepwise, with a p to enter of 0.10
and a p to remove of 0.15. Important factors (such as
smoking in respiratory disease) were forced into the
model regardless of their statistical impact. Follow-up
began with the year offirst residence at the landfill site
or control community. Only current residents of the
landfill (1000 to 4000 series) or controls (5000 and 6000
series) were included. For those who lived in either
community before 1971, 1972 was taken as thefirstyear
at risk. Follow-up went until the year of interview
(1984). Only first incident events occurring after first
residence at the landfill site or control community were
included in the analysis. When biologically related
groups ofhealth conditions were analyzed, onlythefirst
eligible incident event during the follow-up period was
counted. Those reporting first events prior to exposure
did not contribute risk time to the analysis. Smoking
history, work history, and other risk factors with a cu-
mulative impact were considered for inclusion even if
they occurred before first residence in the community
ofinterest.
The relative risk was derived from the exponent of
the hazard function in the Cox model. P-values were
based on the Z score from the ratio ofthe partial coef-
ficient for exposure group, given the confounders, to
the standard error ofthe coefficient.
An alpha level of0.01 was adopted to simultaneously
account formultipletestingoffive organ-systemgroups
and forfourto five conditions within each organ-system
group among the main hypotheses. The secondary hy-
potheses were declared positive ifp < 0.05/n where n
wasthenumberofsecondaryhypotheses. Thisapproach
was appropriate for multiple testing by organ system.
However, it is conservative within an organ system,
since the assumption of independence of symptoms is
likely to be violated.
Subanalyses were conducted only on organ-system
groups, using Coxproportional hazards models withthe
same confounding variables as in the respective main
analyses. Specific approaches are described in the re-
sults section.
ReproductiveProblems. Areproductivemini-ques-
tionnaire was included to screen for evidence ofadverse
outcomes associatedwithresidenceadjacenttotheland-
fill site. The pregnancy experience ofall females in the
study households was solicited from 1968 to the date of
interview. Those preganancies occurring afterfirst res-
idence in the qualifying household were included in the
analysis. The main study groups (1000 to 4000 series
and 5000 to 6000 series) were compared by risk factors
using simple univariate techniques. Negative preg-
nancy outcomes considered in the analysis included low
birth weight, stillbirth/spontaneous abortion, and the
presence ofany major orminorbirth defects. These too
were compared using simple univariate techniques as
an initial screen. Multivariate analyses and clinical fol-
low-up were to have been contemplated ifany positive
results emerged from univariate analyses.
Medical ChartAbstraction. The approach taken to
medical chart abstraction in the workers study had two
basic flaws: abstractors were unblinded to respondent
self-reports, and underreporting of health problems
could not be reliably assessed. The approach taken in
the residents studyovercame these problems. The twin
objectives ofblinding abstractors to study subjects' re-
ported complaints and of obtaining parallel data on re-
spondent under- and overreporting were achieved by
abstracting a limited number of health conditions.
All conditions on the questionnaire were grouped by
organ system or biologically related cluster, and two
groups that were thought to be least relevant among a
young population were excluded: cardiac and arthritic
complaints. The rest ofthe conditions were divided into
nine groups: respiratory, hematologic, renal, digestive,
skin, head andneck, centralnervous system, peripheral
nervous system, and psychological. Two conditions
were randomly sampled from each ofthese nine groups.
Thefirstconditionwasdesignatedforabstraction, while
the second was kept as an alternate. The alternate con-
dition substituted for the designated condition if the
number of abstractable events for the designated con-
dition was less than 30 or more than 100, or if it was
found to be a subsidiary symptom to a variety of con-
ditions not being abstracted (and was thus unabstract-
able).
The final list ofabstracted conditions included: pneu-
monia, including bronchopneumonia; nosebleed (not
from injury); needing to get up more than once at night
to urinate; loss ofweight; recurrent or severe problems
with unusual acne; prolonged, irritated sore throat;
ringing in the ears or tinnitus; constant fatigue, leth-
argy, or drowsiness; and numbness, fatigue, tingling,
prickling or loss of sensation on arms or hands.
The study investigators developed newguidelines for
confirmation, possible confirmation, and nonconfirma-
tion for each of the conditions. Ten nurse abstractors
pretested the instruments on a total of 21 family phy-
sician charts notincluded in themainabstraction study.
Before beginning the study, a reliability workshop was
held in which each abstractor reviewed six charts from
the main study sample. No discussion was allowed be-
tween abstractors. A second reliability workshop was
conducted 6 weeks later at the end of the abstraction
study, using the same format and the same six charts
as previously. The time and mass of work (34 abstrac-
tions each) in the intervening 6 weeks made abstractor
recall unlikely. The data from the workshops was used
to calculate pretest and post-test reliability ofthe tools
for abstraction, and also to estimate intra-abstractor
reliability.
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Results
Descriptive Statistics. RESPONSE RATE. The
response rate for the exposed households was 82.2%,
while 75.3% of mover households, 80.3% of recent res-
ident households, and 67.8% ofcontrols responded. The
differences in response rate are readily explicable by
the degree ofself-interest each group ofhouseholds had
in the results. Unfortunately, the control group's re-
sponse rate leaves open the possibility of a volunteer/
nonrespondent bias affectingthe studyresults. The rea-
sons most often given for refusal were "too busy" or
"not interested." This was true for all groups. Refusals
for reasons ofill-health were rare, accounting for about
3% overall. Nonetheless, it is possible that other refus-
als were related to health status in an unstated way.
SOCIODEMOGRAPHIC CHARACTERISTICS. Themodal
income for exposed, control, and mover households was
$30,000-39,999 in 1983, and for recent resident house-
holds was $20,000-29,999. Controls had ahigheroverall
income distribution. Only 6.7% of control households
had incomes of less than $20,000, while 35.2% were
$40,000 or more. Amongexposedhouseholds, 12.8%had
incomes ofless than $20,000, while 21.2% were $40,000
or more. These differences do not suggest that the main
study groups fall into separate income quintiles within
the Canadian range.
The modal education level for each group was com-
pletion of grade 11 to 13. Among controls, 19% had
completed grade 10 or less, while 31.6% had completed
college or other postsecondary education. Among ex-
posedhouseholds, 29.1%hadcompletedgrade 10 orless,
while 21.7% had completed college or other postsec-
ondary education. The exposed group had a higher pro-
portion ofblue collar (39.9%) than white collar workers
(31.3%), while the control group had the reverse: 28.4%
blue collar and 46.3% white collar. Fortunately, these
differences were not reflected in the experience ofjobs
with dust exposure or work with industrial chemicals.
Among exposed individuals, 29.8% reported work on
jobs with dust exposure compared to 25.8% in the con-
trols. Chemical fume and gas exposure was reported by
24.6% of exposed individuals and 21.4% of controls.
Nodifferences were seenintheproportionofsubjects
born outside of Canada. Small differences were found
intheproportion ofindividuals whosefirstlanguage was
English (77.9% ofexposed, 80.8% ofcontrols). The most
common second language ofboth communities was Ital-
ian.
The modal age at first residence was 26 to 30 for all
groups. The controls were slightly older than the ex-
posed groups; 11.1% of controls and 9.7% of exposed
were over 45, while 29.1% of exposed and 20.5% of
controls were under 25 at the time of first residence.
Gender balance was similar: 47.7% of exposed adults
and 49% of controls were male.
HEALTH HABITS. No differences in drinking habits
were found. Among the exposed, 13.5% were daily
drinkers and 19.4% were abstainers. Among controls,
13.1% drank daily and 16.8% abstained. Forty percent
ofexposed adults, but only26.8% ofcontrols, were cur-
rent daily smokers. The difference in proportions who
had ever been daily smokers was more similar: 56.9%
ofexposed and 47.3% ofcontrols. The age offirst smok-
ing was similar for current smokers in both study
groups, the modal age range being 16 to 20 years.
Main Analysis. Table 12 shows the analysis ofthe
conditions which form the main hypotheses, as well as
red, itchy eyes. This latter was included because it was
the only secondary hypothesis that achieved an ade-
quate level ofstatistical significance to warrant further
analysis. Conditions are divided into six organ-system
groups. Fourofthe sixinclude morethanonecondition.
The combined organ-system variables counted the first
event among the contributing conditions that occurred
after first residence in the qualifying household. Only
the exposed group (1000 to 4000 series) and controls
(5000 to 6000 series) were included. Analysis of condi-
tionswithinthe organ-systemgroupswereusedtoiden-
tify those that contributed most to the exposed-control
differences. This purpose was largely descriptive, but
an alpha level of 0.01 was applied to identify which
conditions could be thought to be independent contrib-
utors.
Table 12 shows positive associations between resi-
dence adjacent to the landfill and five of six organ-sys-
temgroups:respiratory, skin, narcoticsymptoms, mood
symptoms, and red, itchy eyes. Each association was
strongly positive, with relative risk greater than 1.50
and p < 0.001. Between-group differences in respira-
tory health were not found among smokers and non-
smokers when compared separately. In fact, smoking
status had to be forced into the model forbiologic cred-
ibility, since no smoking effect was detected at all. This
is likely due to the young age of the respondents. In
general, crude relative risks approximated those de-
rived from the Cox model analyses. All crude relative
risks were within ± 0.3 ofthe adjusted value.
The principal contributing conditions within the res-
piratory group were attacks ofbronchitis, shortness of
breath, and periods or episodes of cough and phlegm
lasting for 3 weeks ormore. Recurrent or severe prob-
lems with scaly, dry, or itchy skin was the principal
contributortothe skingroup. Frequent orsevere head-
aches, frequentdizziness orblurredvision, andconstant
fatigue, lethargy, drowsiness were the principal con-
tributorstothe narcoticgroup. Frequentfeelingofanx-
iety or depression and frequent feelings of irritability
were the principal contributors to the mood group.
Subanalyses were carried out on the combined res-
piratory, skin, narcotic, andmoodgroupsaswellasred,
itchy eyes, but not on the individual conditions within
those groups. Muscle weakness was excluded from fur-
ther analysis.
GradientAnalyses. Tables 13 and 14 relate to risk
by proximity ofresidence to the landfill and duration of
residenceadjacenttothesite. Table 13givesthree-point
analyses bythoselivingwithin 500meters ofthelandfill
(1000 and 2000 series), 500 to 750 meters from the land-
fill (3000 and4000 series), andcontrols. Statisticalmeth-
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Table 12. Risk of adverse health outcomes associated with landfill site exposure: main hypotheses.
Confounding No. ofevents
Condition variables in modela Exposed Controls Relative risk pb
Combined respiratory All 149 91 1.56 < 0.001
Attacks of bronchitis All 44 21 2.07 0.004
Chronic bronchitis All 8 7 1.04 0.47
Shortness ofbreath All 48 21 2.00 0.006
Cough and phlegm All 88 53 1.55 0.007
Combined skin All 130 68 1.76 < 0.001
Recurrent or severe problems with b 59 23 2.32 < 0.001
scaly, dry, or itchy skin
Recurrent or severe problems with b 31 15 1.93 0.05
skin rashes or hives
Recurrent or severe problems with b,ef 8 5 1.92 0.13
unusual acne
Recurrent or severe problems with b 36 23 1.53 0.06
boils, warts, cysts
White or dark patches on the skin b 18 10 1.66 0.09
Combined narcotic symptoms All 170 67 2.29 < 0.001
Frequent or severe headaches a,b,ef 106 41 2.21 < 0.001
Frequent dizziness or blurred vision bf 38 13 2.65 0.01
Constant fatigue, lethargy, b,e 63 22 2.54 < 0.001
drowsiness
Problems with balance, coordination, b 13 8 1.54 0.17
reaction time, clumsiness
Combined mood All 129 66 1.70 < 0.001
Insomnia b,cf 63 41 1.30 0.10
Frequent feelings ofanxiety or a,b 62 23 2.50 < 0.001
depression
Frequent feelings ofirritability b,c,e 48 20 2.22 0.01
Frequent feelings ofhyperactivity, b,c,e 17 8 1.96 0.08
restlessness
Learning or memory disorders 4 1 - 0.12
Muscle weakness (arms, legs, hands or 15 8 1.36 0.09
feet)
Red, itchy, watery, sore, all dry, or All 76 42 1.87 < 0.001
inflamed eyes
aConfounding variables: a, age; b, sex; c, ever smoked daily; d, ever worked injob with dust exposure; e, everworked with fumes orgases,
f, highest level ofschooling.
bp - Based on Z-distribution, one-tailed.
Table 13. Risk gradient by proximity of residence to landfill site: short- and long-term residents.
Proximity ofresidence Crude incidence, per
Condition to landfill, meters No. of events 1000 person-years Z(linear trend) p
Combined respiratory Within 500 61 25.6 4.01 < 0.001
500-750 88 19.2
Controls 91 13.5
Combined skin Within 500 44 18.1 3.16 < 0.001
500-750 86 18.9
Controls 68 10.1
Combined narcotic Within 500 67 28.9 5.89 < 0.001
500-750 103 23.0
Controls 67 9.9
Combined mood Within 500 58 24.1 4.49 < 0.001
500-750 71 15.7
Controls 66 9.8
Red, itchy eyes Within 500 28 11.4 2.69 0.004
500-750 48 10.4
Controls 42 6.3
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Table 14. Risk gradient by proximity of residence to landfill site: long-term residents only.
Proximity ofresidence Crude incidence, per
Condition to landfill, meters No. of events 1000 person-years Z(linear trend) p
Combined respiratory Within 500 44 26.1 3.73 < 0.001
500-750 45 14.5
Controls 69 12.4
Combined skin Within 500 34 19.8 3.04 < 0.001
500-750 52 17.0
Controls 56 10.1
Combined narcotic Within 500 52 32.3 5.44 < 0.001
500-750 58 19.2
Controls 57 10.3
Combined mood Within 500 42 24.7 3.27 < 0.001
500-750 35 11.2
Controls 57 10.3
Red, itchy eyes Within 500 22 12.6 2.68 0.004
500-750 28 9.0
Controls 35 6.4
ods, inclusion ofevents, andconfoundingvariables were
similar to the main analyses, except that the outomce
variable was the linear trend ofincidence rate by prox-
imity to the landfill. All five groups of conditions show
statistically significant lineartrends. Amonotonictrend
in crude incidence rates is evident for respiratory, nar-
cotic, and mood systems, as well as red, itchy eyes. The
crude incidence rates of skin symptoms do not show a
monotonictrend. Theobserved statisticaltrend isbased
on differences between the exposed group as a whole
and controls. This observation led us to consider
whether or not skin symptoms might be more closely
related to direct skin contact through recreational ac-
tivities in and around the landfill area. An analysis of
exposedresidents showed that28.6% ofthosereporting
such recreational activities also reported one or more
skin symptom, while 11.9% ofthose not reporting these
activities reported skin symptoms. (X2 = 16.02,
p =0.00006).
Table 14 repeats the analyses in Table 13, but is con-
fined to the long-term exposure subgroups (1000, 3000,
and 6000 series). Highly statistically significant, mon-
otonic linear trends are evident in all analyses. When
those who spent less than 3 years in their qualifying
community during the peak period of dumping were
considered, no linear monotonic trends were found.
These data support a duration ofresidence gradient for
the main health conditions of interest. Analyses com-
paring long-term directly with short-term residents
were avoided because they involved nonconcurrent
comparisons. It was not thought safe to assume that
the level and type of exposure to landfill emissions was
constant at all times. Thus, short-term exposure may
have been confounded by higher (or lower) average
emissions.
Thegradient byproximity to landfill is also addressed
in Table 15. In this analysis, the designation of house-
hold by subgroup was replaced by the distance of each
individual home from the closest edge of the landfill.
This allowed calculation of amonotonic trend within the
Table 15. Risk gradient by proximity of residence to landfill site:
Exposed group only by individual household distance from site.
Risk reduction
per 100 meters
Condition O2(trend) p from landfill,a %
Long-term residents
Combined respiratory 4.74 0.015 -17
Combined skin 0.79 0.186 -8
Combined narcotic 6.66 0.005 -18
Combined mood 4.94 0.013 -18
Red, itchy eyes 2.36 0.062 -16
Short-term residents
Combined respiratory 0.14 0.65 +4
Combined skin 0.74 0.80 +11
Combined narcotic 1.61 0.90 +12
Combined mood 0.27 0.70 +5
Red, itchy eyes 0.46 0.83 + 7
aBased on the slope ofthe exponential coefficient for distance from
landfill, given confounding variables, in the proportional hazards
model. This should be interpreted as "for each 100 meters from the
landfill, the risk decreased X% from the level 100 meters closer."
exposed group, free of confounding due to differences
with the controls. The analysis suffers from the weak-
ness that the sample of landfill area residents was not
identified at the outset ofthe study to meet criteria for
it. In particular, we did not extend sampling beyond
750 meters and into areas we thought were unexposed.
Also, we had not assumed that meteorologic patterns
in the area would distribute airborne pollutants in a
monotonic decline, meter-to-meter from the landfill.
Nonetheless, Table 15 shows a montonic trend in risk
reduction by distance from the landfill for respiratory,
narcotic, and mood symptoms among long-term resi-
dents. The trend of skin symptoms was much weaker,
as expected from previous analyses. The trends among
short-term residents were weak, and were not in the
direction of risk reduction by distance from the site.
These results suggest a gradient ofeffect by proximity
to the landfill site for the long-term residents.
Analysis ofEvents Occurring Before 1981. Table
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16 repeats the main analyses including only health
events occurring before 1981. Thus, the analyses are
confined to the time when the landfill site was open to
waste disposal. Since most of the conditions contrib-
uting to the organ-system groups (and red, itchy eyes)
were acute, it could be expected that any differences
seen in incidence rates should have emerged before the
site closed (and presumably, exposure declined). Com-
paring Table 16 with Table 12, the relative risks for
respiratory, skin, and narcotic conditions increased
when only events occurring before 1981 were consid-
ered. The relative risks for mood conditions and red,
itchy eyes were slightly lower, but not enough to re-
quire an alternative explanation.
Migratory Effects. Table 17 compares the movers
(8000 series) to the exposed group (or nonmovers) and
Table 18 compares the movers to the controls. The ex-
pectation wasthatthe movers wouldhave similarhealth
status to the exposed group. Table 17 shows that this
was true for skin, narcotic, and mood conditions and for
red, itchy eyes. Respiratory conditions differed in that
there was a trend to a lower incidence rate among mov-
ers. These observations were mirrored in Table 17
where large differences in incidence rates were found
between movers and controls for skin, narcotic, and
mood, but not for respiratory conditions. These data
suggest that migrators were more like exposed resi-
dents than controls in health status.
Table 19 divides the follow-up period at the end of
1980 so that temporal changes in risk can be compared
between migrators and nonmigrators. The period be-
fore 1980 represents both the time when the landfill site
was open andthe time when (virtually) allthemigrators
were still resident near the landfill. The period after
1980 (1981-84) represents the time after the site was
closed and after the migrators had left the area. The
table shows that, in all cases, the relative risk (non-
migrators/migrators) increases between the two pe-
riods. For all except red, itchy eyes, the relative risk
before the end of 1980 is less than 1.00. This means that
the migrators were more frequently complaining ofthe
target health problems than the nonmigrators before
they left the area, but less often thereafter. The former
observation may be interpreted as a conservative mi-
grator bias (supports positive results in the main anal-
yses). This is because were the migrators tobe included
with the otherexposed groups (nonmigrators) in a com-
parisonwithcontrols, theestimatedrelativeriskswould
have been increased.
HealthStatusDifferences-Controls versusRecent
Residents. Table 20 compares controlswiththose who
moved into the landfill area after the site was closed.
All health problems reported from 1972 to the time of
interview were included, regardless of whether or not
they were reported before the household had moved to
the qualifyinglocation. This approach allowed for a con-
current analysis, based on the premise that the health
ofthe two groups ought to be similar unless the landfill
site areaattracted residentswho werelesshealthythan
other members of the community. Table 20 shows no
statistically significant difference in incidence rates of
the main groups of conditions. Moreover, the relative
risks are all close to 1.0. The landfill site area does not
appear to attract people who are less healthy.
Conditions Not Thought to be Related to LandfiU
Site Exposure. Twenty-five conditions met the cri-
teria described in the Methods section as "not being
related to landfill site exposure" and were analyzed to
answer the question, "Are differences found between
the exposed and control groups in the main analyses
merely areflection ofglobalincreases inhealth problem
reports, or are they specific to the hypothesized con-
ditions?" Ten ofthese conditions were subjective in na-
ture, and 15 were disease labels. To answer the ques-
tion, the data were interpreted as a whole, rather than
condition-by-condition. Ten risk ratios were below 1.0
and 15 were above 1.0, suggesting no overall trend
among these conditions. However, risk ratios greater
than 4.0 are found for three conditions: loss ofappetite,
loss of weight, and burns requiring admission to hos-
pital. These conditions were missed in the hypothesis-
generating exercise because they did not seem to have
biological credibility as outcomes of airborne or recre-
ational exposure to an uncharacterized mixture of vol-
atile organics, dust, and fumes.
Pregnancy. Tables 21 through 23 outline the preg-
nancyexperience ofall womeninthestudy. Pregnancies
were included if they terminated on or after the year
Table 16. Events occurring before 1981.
Incidence, per 1000
Condition Groups No. of events person-years Relative risk p
Combined respiratory Exposed 72 20.8 2.12 < 0.001
Controls 36 9.9
Combined skin Exposed 68 20.1 2.26 < 0.001
Controls 30 8.3
Combined narcotic Exposed 98 29.4 2.91 < 0.001
Controls 36 10.0
Combined mood Exposed 56 16.5 1.51 0.027
Controls 38 10.6
Red, itchy eyes Exposed 33 9.8 1.60 0.045
Controls 22 6.2
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Table 17. Migrator status and risk of adverse health outcomes. I: Landfill residents who moved
versus landfill residents who did not move, 1976-1980.
Comparison Incidence, per 1000
Condition groups No. ofevents person-years Relative risk pa
Combined respiratory Movers 49 15.5 0.72 0.046
Nonmovers 149 21.3
Combined skdn Movers 55 17.4 0.92 0.60
Nonmovers 130 18.6
Combined narcotic Movers 81 26.8 1.04 0.79
Nonmovers 170 25.0
Combined mood Movers 63 20.1 1.08 0.62
Nonmovers 129 18.3
Red, itchy eyes Movers 29 9.0 0.82 0.19
Nonmovers 76 10.8
aTwo-taied.
Table 18. Migrator status and risk of adverse health outcomes. II: Landfill residents who moved versus controls, 1976-1980.
Comparison Incidence, per 1000
Condition groups No. of events person-years Relative risk pa
Combined respiratory Movers 49 15.5 1.15 0.23
Controls 91 13.5
Combined skin Movers 55 17.4 1.67 0.0026
Controls 68 10.1
Combined narcotic Movers 81 26.8 2.33 < 0.001
Controls 67 9.9
Combined mood Movers 63 20.1 1.90 < 0.001
Controls 67 9.8
Red, itchy eyes Movers 29 9.0 1.38 0.09
Controls 42 6.3
Table 19. Migratory effects: relative risks before and after 1981,
nonmovers versus movers.
Relative risk:
nonmovers/
95%
confidence
Condition Time movers pa interval
Combined To 1980 0.83 0.400 0.55-1.28
respiratory 1981-84 2.60 0.0003 1.45-4.65
Combined skin To 1980 0.98 0.912 0.63-1.52
1981-84 1.28 0.296 0.79-2.08
Combined narcotic To 1980 0.89 0.201 0.56-1.13
1981-84 1.28 0.267 0.81-2.02
Combined mood To 1980 0.62 0.033 0.40-0.96
1981-84 1.23 0.365 0.77-1.93
Red, itchy eyes To 1980 1.02 0.96 0.52-1.98
1981-84 1.37 0.21 0.75-2.51
'Twro-tailed.
of first residence in the house that qualified a woman
for study. For exposed, control, and migrator pregnan-
cies, 1976-80 was the most prevalent period of termi-
nation followed by 1981-84. The modal age ofexposed
and control mothers at onset of pregnancy was 25-29,
followed by 30-34 and 20-24. A higher proportion of
control women than exposed were 35 or over (10.4%
and 4.4%, respectively).
No differences were seen between exposed and con-
trol women in theirexperience with seven medications,
five diseases, and 14 chemical exposures of particular
interestinreproductive outcome (Table21). Therewere
nodifferences insmokingand alcohol experience during
pregnancy.
Table 22 shows that the distribution of live births,
stillbirths, miscarriages, and abortions did not differ
between groups. The trend was toward higher overall
rates ofadverse pregnancy outcome in the controls. In
addition, there was no trend toward lower birthweight
among the exposed mothers. Most of the low birth-
weight babies in both exposed and control groups were
also preterm. Table 23 shows the site ofeach reported
birth defect and the number ofpregnancies resulting in
birth defects. No unique or unusual pattern of birth
defects wasnoted, and noincrease intotalbirthdefects
was seen. Once again, the trend was toward an in-
creased adverse pregnancy outcome in the controls. In
summary, there was no evidence of a relationship be-
tweenresidence adjacenttothelandfill site and adverse
pregnancy experience.
MedicalChartAbstractionStudy. Themedicalrec-
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Table 20. Comparison ofthose who moved to the landfill site after the site as closed with controls.
Comparison Incidence, per 1000
Condition groups No. ofevents person-years Relative risk pa
Combined respiratory Recent residents 35 10.7 0.97 0.90
Controls 105 11.9
Combined skin Recent residents 37 11.4 1.22 0.32
Controls 91 9.5
Combined narcotic Recent residents 36 10.9 1.11 0.60
Controls 96 10.1
Combined mood Recent residents 29 8.7 1.04 0.86
Controls 77 8.0
Red, itchy eyes Recent residents 20 6.1 1.16 0.14
Controls 52 5.4
aTwo-tailed.
Table 21. Summary of pregnancy risk factors and health habits.
Risk factor Response Exposed Controls X2 p
Any medications/proceduresa Yes 66 60 0.008 0.93
during pregnancy No 320 286
Any diseasesa Yes 59 62 0.918 0.34
during pregnancy No 327 284
Chemical exposuresa Yes 21 19 0.001 0.98
at work during pregnancy No 365 327
During this pregnancy, how often did Daily 2 3 0.002b 0.97
you drink alcoholic beverages? A few times a week 8 9
A few times a month 9 8
Occasionaly 169 148
Never 197 175
On the average, how many cigarettes None 295 272 0.629c 0.43
did you smoke each day when the 1-10 28 27
pregnancy started? 11-20 36 29
20 26 16
On the average, how many cigarettes None 299 280 1.55C 0.21
were you smoking each day when 1-10 28 23
the pregnancy ended? 11-20 35 26
20 23 15
aMedications/procedures: dilantin, X-rays, hormones, bendectine/other nausea drugs, coumadin, tetracycline, thyroid medication. Diseases:
diabetes, vaginal/pelvic infections, operation requiring anesthetic, rubella, other serious infection or illness. Chemical exposures: benzene,
chloroprene, formaldehyde, mercury, PCB, styrene, toluene, anesthetic gases, arsenic, ethylene oxide, lead fumes, carbon monoxide, vinyl
chloride, beryllium.
bX2 Based on "never" versus all others (exposed and controls).
eX2 Based on "none" versus all others (exposed and controls).
Table 22. Outcome of pregnancy.
Outcomes
Miscarriage/
Twins, one spontaneous Intentional
Group Live birth stillborn abortion abortion Stillborn X2 p
Exposed 330 0 43 8 5 2.86a 0.091
Controls 278 2 55 5 4
Movers 175 0 25 7 0
Recent 31 0 9 2 0
aX2 = Live births versus the rest for exposed and controls.
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Table 23. Birth defects.
A. Specific birth defects by groupa
Neural GI
Group tube Limbs Face Genitalia Cardiac Chromosomal Eyes abdominal Respiratory Skin Miscellaneous
Exposed 3 10 2 1 4 2 0 5 1 0 21
Controls 2 7 1 0 6 2 2 4 1 0 17
Movers 0 2 0 0 6 0 2 0 2 1 9
Recent 0 0 1 0 0 0 0 0 0 0 2
aMultiple birth defects counted separately.
B. Summary tablea
Group ¢ 1 birth defect No birth defects Totals
Exposed 37 349 386
Controls 40 306 346
Movers 19 188 207
Recent 6 36 42
X2= 0.756 (based on exposed versus controls)
p = 0.38
aMultiple birth defects counted together.
ordsof340respondents (219exposed, 131 controls)were
reviewedforatotalof3060individualdecisionregarding
over- or underreporting (340 x 9 conditions). The com-
pletion rate was 98%. A total of 2804 decisions about
adultswereanalyzed (302relatedtooverreporting, 2502
related to underreporting), instead of3060. This exclu-
sion of 8.4% of decisions was based on an editing step
which intervened between data collection and analysis.
The written description of information found on each
chart was reviewed, and where the confirmation cate-
gories and methodsartificially created over- orunderre-
portingerrors, thedecisionwasexcluded. Forexample,
many underreports ofred, itchy, watery, sore, dry or
inflamed eyes resulted from individuals reporting hay-
fever on the questionnaire instead. When selected for
medical chart abstraction, red, itchy eyes would be con-
firmed, based onthe descriptions ofsymptoms found by
the abstractor. When this confirmation was merged
withquestionnaire data, noself-report ofred, itchyeyes
would be found, and the events would appear to be
underreported. Therefore, such events were excluded
from the analysis of medical chart abstraction data.
Table 24 gives separate summary tables forover- and
underreporting. No evidence of bias was seen in over-
Table 24. Medical chart abstraction study.
Confirrned/
possibly
Group confirned Not confirmed Total
Overreporting
Exposed 133 80 213
Controls 54 35 89
Total 187 115 302
X2 = 0.083, p = 0.772
Underreporting
Exposed 172 1404 1576
Controls 105 821 926
Total 227 2225 2502
X2 = 0.107, p = 0.757
orunderreporting amongadults. 37.5% ofreported con-
ditions were overreported among the exposed group,
while39.3%wereoverreported amongthecontrols. The
rate of underreporting was 10.9% for the exposed and
11.3% for the controls.
Reliability workshops were held before fieldwork be-
gan and after it was completed in order to assess inter-
and intra-abstractor reliability. A total of46 individual
decisions were made by each abstractor on 6 selected
medical charts. The same charts were used for both
workshops. Confirmations were scored as "1"; possible
confirmations as "2"; and nonconfirmations as "3." In-
traclass correlation coefficients were calculated accord-
ingtothemethod ofWiner(23)toassessinterabstractor
reliability. The intraclass correlation coefficient be-
tween decisions was 0.73 in the first workshop and 0.65
in the second, indicating a moderately high level ofre-
liability. Intra-abstractor reliability was assessed using
the agreement between specific decisions made in each
workshop. Overall, agreement occurred in 87% ofpairs
of decisions, and the unweighted kappa (24) was 0.76
(95%confidence limits, 0.70-0.82). Moreover, therewas
no bias in the disagreements between the first and sec-
ond workshop. Individual observer reliability ranged
from acceptable (kappa = 0.52) to excellent (kappa =
0.96).
Discussion
Table 25 summarizes the results of hypothesis test-
ing. Ninecriteriaareidentified forassessingthevalidity
ofthe association between landfill site exposure and the
conditions ofinterest, based on the following concepts:
strength of association, consistency with the workers
study, gradient ofexposure, lack ofmigrator bias, risk
occurringfirstwhensite wasopen, noevidencethatless
healthy people moved to the landfill area, specificity,
and absence of recall bias. These latter two criteria
apply generally to ali conditions rather than to each
condition individually. Specificity was assessed by look-
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Table 25. Summary of hypothesis testing.
Condition
Criteria for assessing the association Respiratory Skin Mood Narcotic Red, itchy eyes
Was the relative risk on the main analysis greater than Yes Yes Yes Yes Yes
1.5?
Was it greater than 2.0? No No No Yes No
Was the probability value for the relative risk in the Yes Yes Yes Yes Yes
main analysis less than 0.01?
Was it less than 0.001? Yes Yes Yes Yes No
Were these results consistent with the workers study? Yes Yes Yes Yes No
Was there a monotonic gradient of risk comparing Yes Yes Yes Yes Yes
residents within 500 meters ofthe site, those further
away, and controls?
Was the gradient found primarily among long-term Yes Yes Yes Yes Yes
residents?
Was there a gradient within the exposed group only, Yes No Yes Yes Yes
among long-term residents?
Was there evidence that migrant bias might explain No No No No No
the differences between exposed and controls on the
main analyses?
Did the landfill site attract people who were less No No No No No
healthy than controls with respect to this condition?
Had the risk developed before the landfill site was Yes Yes Yes Yes Yes
closed?
Were increased risks among exposed residents confined No general trend to increased risks among nonhypothesized conditions, but
to the conditions hypothesized? there were a few associations.
Was there any evidence of overreporting or There was no evidence of over- or underreporting recall bias.
underreporting recall bias on medical chart
abstraction?
ing for associations between landfill exposure and con-
ditions not believed to be related to an environmental
exposure. The investigation ofrecall bias was based on
comparisons of questionnaire responses with medical
records, accordingto defined categories ofconfirmation
and nonconfirmation. Strength of association was de-
termined by the magnitude ofrelative riskand the level
of statistical significance of the findings. Migrator bias
wasassessedbycomparinghealtheventsamongmovers
versusnonmovers separatelyforthose eventsoccurring
before the landfill site closed and then after it closed.
Table 25 shows that all criteria were fulfilled by the
combined narcotic group ofconditions. Red, itchy eyes
fulfilled the fewest criteria, while the respiratory, skin,
and mood conditions fulfilled most criteria. These re-
sults imply that the association between landfill site
exposure and the narcotic conditions is most valid, fol-
lowed by respiratory, skin, and mood conditions. Evi-
dence of a valid association is weakest for red, itchy
eyes.
The strength of the evidence for valid associations
between residence adjacent to the landfill site and con-
ditions identified in Table 25 is reduced by three prin-
cipal problems: the high refusal rate among the control
population; socioeconomic status differences between
the study groups; and the fact that the conditions found
in excess are imprecisely defined and potentially inter-
changeablewithotherconditions. Offsettingtheseprob-
lems are the multiple criteria used to assess the hy-
potheses, whichwereidentified and evaluatedaccording
to preset rules. The principal problem, however, is
found in trying to relate valid associations to causation.
Two competing causes may be proposed: airborne con-
tact with an unknown combination of vapors, fumes,
and particulate matter emanating from the landfill site,
and direct skin exposure from recreational activities in
and around the landfill; or the perception of exposure
and, therefore, of risk, may have led to an increased
tendency on the part ofexposed residents to notice new
health problems, become concerned about them, and
subsequently report them in a health survey.
This study permits an indirect assessment ofthe evi-
dence for each potentially causal mechanism. There are
five lines of reasoning that suggest a chemical mecha-
nism:
The gradient of risk by proximity to the landfill site
would be difficult to explain on the basis of perception
of risk alone. While perception of risk may be directly
related to proximity to the landfill, it is difficult to be-
lieve that the relationship could be precise enough to
explain the gradient by house distance from the landfill
and the fact that the gradient effect involved only long-
term residents.
Biologic plausibility is difficult to evaluate when the
exposures relate to more than 100 substances and the
adverse effects are common and nonspecific. However,
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it is difficult to explain how a perceptual mechanism
could have selected forthoseconditions whichcould also
be related to environmental exposure without including
more ofthe other conditions on the questionnaire that
could notbe plausiblyrelated to environment exposure.
The consistency of symptoms between workers and
residents was remarkable, considering the lack ofsocial
contact between them and the differing attitudes to the
potential for risk expressed by members of the two
groups. Despite the fact that a previous health survey
of a minority of residents was conducted by the resi-
dents themselves, and the results published, the con-
ditionsfound in excess in ourstudydid notconfirmtheir
results. Had our study confirmed the previous study's
results, the most likely explanation would have been
that the residents had learned the symptoms through
publicity. Rather, the conditions found in excess in our
study were largely unrelated to those found in excess
on the residents' original survey.
Were there tohavebeen asignificant perceptual com-
ponenttothe associations found in ourstudy, this ought
to have been reflected in evidence ofrecall bias on med-
ical chart abstraction. This was not the case.
In contrast, there are four lines of reasoning which
canbeofferedtosupportthe caseforaperceptualmech-
anism:
Therehasneverbeenanyevidencepresentedtoshow
thatresidents orworkerswere exposed toairborne con-
centrations ofanysubstances in sufficient concentration
to cause the health problems found in excess in this
study.
The health problems found in excess inthis study can
all be well explained by behavioral mechanisms. None
uniquely requires chemical exposure and none is based
on evidence of human tissue damage.
The same objections which wereraised regardingthe
validity ofthe association between landfill site exposure
and the health problems of interest can also be raised
as issues in causation. In particular, the socioeconomic
status differences between groups and the unblinded
study design may influence perceptual and behavioral
factors that affect one's experience and recall of symp-
toms. Review ofmedical records would not necessarily
be able to detect such an effect, assuming that individ-
uals did in fact seek medical assistance for their iden-
tified health problems.
The analyses relating to migrator bias did demon-
strate that nonmigrator tended to have higher rates of
first onset ofhealth problems than migratory, after the
landfill had been closed. Three hypotheses were ad-
vanced to explain this observation. One of the hy-
potheses suggested that location ofresidence (and thus,
perception of exposure) is the crucial determining fac-
tor.
While some of the lines of reasoning presented in
favor of each causal mechanism are speculative, those
in support of a chemical mechanism are based on the
fulfillment of preset analytic criteria for the study,
which could easily have gone unmet. However, exam-
pies exist where residents exposed to environmental
chemical contamination reported excess symptoms in a
way that would have appeared to point to the contam-
ination as acause; onlyto findthatthe original evidence
ofenvironmental contamination was incorrect, and had
not occurred (18). On the other hand, the first and sec-
ond arguments for a perceptual mechanism are based
oninherentlimitations ofthestudywhichcouldnothave
been overcome by any changes in study design. The
fourth argument for a perceptual mechanism is based
on the last 4 years ofa survival analysis, excluding the
first 9 years. The simplest explanation for the results
so obtained would be a survival effect, and not a phe-
nomenon regarding perception ofexposure. In the end,
the strongest argument for a perceptual mechanism is
the familiar evidence that psychological distress is an
important correlate ofperceived health status (25). The
authors ofthis report believe that the lines ofreasoning
supporting chemical causation are stronger than those
that support a perceptual mechanism. It is recognized
thatbothmechanisms couldvariouslycontributetoeach
group ofreported symptoms to a different degree, but
the nature of such relationships is presently a matter
of speculation.
This study did not produce any evidence of adverse
reproductive outcomes related to exposure to the land-
fill site. This was a very significant negative finding.
There was no evidence of increases in major chronic
diseases among exposed residents. The question of in-
creased cancer risks cannot be addressed by this study
because a sufficient follow-up period has not occurred
between the time offirst residence (1972) and the study
date (1984). Answering this question would require fol-
lowing-up the cohort ofexposed residents overthe next
10 to 20 years to assess their cancer experience, and
willbehamperedbysmallnumbersidentifyingexcesses
in rare cancers.
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